1. Chronic Kidney Disease (CKD) {#sec1-nutrients-09-00548}
===============================

A progressive CKD results in retention of various substances that end up in uremia \[[@B1-nutrients-09-00548],[@B2-nutrients-09-00548],[@B3-nutrients-09-00548]\] and a need of dialysis or transplantation for survival. Substances may, more or less, contribute to dysfunction of various metabolic systems \[[@B4-nutrients-09-00548]\]. Accumulated substances are denominated uremic toxins \[[@B1-nutrients-09-00548]\]. The number of toxins exceeds 1400, and many of them are still unraveled \[[@B5-nutrients-09-00548]\].

When the glomerular filtration rate is reduced to less than 15 mL/min, the retention of urea and other toxins may lead to a reduced appetite \[[@B6-nutrients-09-00548]\]. In this situation, a protein restriction will to some extent reduce the concentration of metabolites as urea and reduce uremic symptoms \[[@B7-nutrients-09-00548]\]. At this stage of chronic kidney disease (CKD), the intestinal flora is altered. Fermentation of protein and amino acids by gut bacteria generates excess amounts of potentially toxic compounds such as ammonia, amines, thiols, phenols, and indoles. In addition, the generation of short-chain fatty acids is reduced. An impaired intestinal barrier function in patients with CKD permits translocation of gut-derived uremic toxins into the systemic circulation. These uremic toxins contribute to the progression of CKD, cardiovascular disease, insulin resistance, and protein-energy wasting \[[@B8-nutrients-09-00548]\]. In parallel, the new intestinal flora may result in bowel dysfunction, with altered stools and worsened appetite.

Progressive weight loss is an important sign of severe kidney dysfunction, and it is an important indicator of dialysis treatment onset if this negative trend of malnutrition is to be broken \[[@B6-nutrients-09-00548]\].

2. Dialysis {#sec2-nutrients-09-00548}
===========

The initiation of adequate doses of dialysis are recommended to limit the side effects of uremic toxins. For hemodialysis (HD), at least three sessions per week and a total time of at least 12 h/w should result in a weekly clearance, eKt/V, of more than 1.2 (for women and patients with high comorbidity 1.4) \[[@B9-nutrients-09-00548]\].

Dialysis will only partly lower increased levels of various uremic toxins. When performing HD, the lowering of uremic toxins is intermittent for a few hours and thereafter followed by a progressive retention until the next HD \[[@B9-nutrients-09-00548]\]. During continuous ambulatory peritoneal dialysis (CAPD), the removal of toxins proceeds through the peritoneal membrane. The efficacy of the peritoneal membrane (clearance) is much lower than a hemodialysis membrane. Thereby, the clearance of urea is approximately 4 mL/min \[[@B10-nutrients-09-00548],[@B11-nutrients-09-00548]\], whereas during intermittent HD the removal rate is 50 times higher (more than 200 mL/min) \[[@B12-nutrients-09-00548]\]. Continuous, everyday treatment, usually for 24 h/day, compensates for limitations in peritoneal transfer.

Malnutrition, appetite loss, and protein wasting is common despite dialysis treatment and is reported to be present in up to 47% of patients \[[@B13-nutrients-09-00548],[@B14-nutrients-09-00548]\]. Moreover, besides variables that indicate the presence of inflammation, as increased IL-6 and CRP levels, the dialysis is by itself associated with protein-energy wasting \[[@B15-nutrients-09-00548]\]. Protein-energy wasting (PEW) refers to the loss or reduced amounts of body protein mass and fuel reserves \[[@B16-nutrients-09-00548]\]. Too extensive fluid intake and thus inter dialytic weight gain (IDWG) \[[@B17-nutrients-09-00548]\] and inflammatory processes are variables that interfere with appetite and thus with food intake \[[@B6-nutrients-09-00548]\]. In addition, the taste acuity is impaired in uremic and dialysis patients \[[@B18-nutrients-09-00548]\]. The appetite and taste acuity is similarly reduced in HD and peritoneal dialysis (PD) patients \[[@B15-nutrients-09-00548],[@B18-nutrients-09-00548]\]. However, when inflammation is added, it gets worse. Inflammatory episodes are more frequent with HD than they are with PD \[[@B15-nutrients-09-00548]\].

3. Triglycerides and Hemodialysis {#sec3-nutrients-09-00548}
=================================

When malnutrition appears, an increase in protein and calories is often recommended to adjust for the lack of energy \[[@B6-nutrients-09-00548]\]. Fat contributes to 40% of calories, which derive mainly from triglycerides (TrG) \[[@B19-nutrients-09-00548]\]. Triglycerides are transported in blood in the core of lipoproteins (chylomicrons and VLDL). Fatty acids (5% by glycerol) contribute to 95% of that energy content. Lipoprotein lipase (LPL) and hepatic lipase (HL) are key enzymes in the breakdown of triglycerides \[[@B20-nutrients-09-00548],[@B21-nutrients-09-00548],[@B22-nutrients-09-00548]\].

Hyperlipidemia, especially the increase of TrG in all density classes, is present in patients with severe CKD and those on dialysis \[[@B6-nutrients-09-00548],[@B23-nutrients-09-00548],[@B24-nutrients-09-00548]\]. A limitation in lipid breakdown is present due to the reduced amount and partly inhibited function of lipases \[[@B20-nutrients-09-00548],[@B22-nutrients-09-00548],[@B25-nutrients-09-00548],[@B26-nutrients-09-00548],[@B27-nutrients-09-00548]\]. The lack of functioning lipase will result in an increased concentration of TrG in the blood. The function of lipases is reduced by increased levels of the enzyme inhibitors angiopoietin-like protein 3, 4, and 8 (ANGPTL) \[[@B22-nutrients-09-00548],[@B28-nutrients-09-00548],[@B29-nutrients-09-00548],[@B30-nutrients-09-00548]\]. These hepatically derived factors inhibit LPL activity differently. Zhang suggested an ANGPTL3-4-8 model where the ANGPTL8 activates ANGPTL3, in an endocrine manner, to inhibit the activity of LPL activity in the heart and skeletal muscle. On the contrary, ANGPTL4 inhibits LPL activity in white adipose tissue \[[@B30-nutrients-09-00548]\]. Fasting upregulates ANGPTL4 (inhibiting LPL in fat tissue) and downregulates ANGPTL8, thereby stimulating LPL in heart and sceletal muscle. While ANGPTL8 is not elevated in HD patients \[[@B31-nutrients-09-00548]\], ANGPTL3 and ANGPTL4 are significantly increased \[[@B29-nutrients-09-00548],[@B32-nutrients-09-00548]\]. Hemodialysis did not eliminate ANGPTL3, while a high flux dialysis filter is necessary to cause a reduction in ANGPTL4 levels \[[@B29-nutrients-09-00548]\]. Besides inhibiting factors to LPL, HD patients have only approximately half of the body store of lipases compared with healthy age-matched persons \[[@B33-nutrients-09-00548]\]. The body store can be estimated by an intravenous bolus dose of heparin that releases most of the LPL and hepatic lipases from their binding sites \[[@B34-nutrients-09-00548]\]. A peak value of the lipase or area under the curve (AUC) can be used for a comparison between groups \[[@B33-nutrients-09-00548]\]. The reduction of LPL, upon heparin injection, results in a limitation of breakdown capacity of TrG into FFA and energy. In addition, during HD, in most centers, unfractionated heparin (UFH) and low molecular weight heparin (LMWH) is used in anticoagulation of the extra corporeal circuit to avoid clotting and to maintain an open dialysis circuit \[[@B35-nutrients-09-00548]\]. The UFH and LMWH will enter the blood of the patient. Here, UFH and LMWH will immediately induce the HL and LPL to lose their binding from the sites at the endothelia, where they are normally attached, and get distributed throughout the blood \[[@B20-nutrients-09-00548],[@B34-nutrients-09-00548],[@B36-nutrients-09-00548]\]. The release from the binding sites, within minutes, will cause an increase in LPL and HL in the circulation, as well as a subsequent temporary breakdown and reduction of triglycerides \[[@B37-nutrients-09-00548]\]. The increased lipase activity due to the enzyme now becomes fully exposed to triglycerides in the circulation. In parallel, the liver will rapidly degrade the released LPL and HL, this degradation is differing between unfractionate heparin and low molecular weight heparins \[[@B36-nutrients-09-00548],[@B37-nutrients-09-00548]\]. This increased degradation will only slowly be compensated for by new enzyme production. It will take at least 8 h to achieve a recovery to baseline capacity \[[@B38-nutrients-09-00548],[@B39-nutrients-09-00548]\]. The effect will be that the triglycerides will rise significantly during the end of HD. At that stage TrG will not be degraded into FFA and energy in the extent that the body may find necessary for optimal energy supply, especially if the patient intends to be physically active. A metabolic starvation based on lowered capacity of lipid breakdown will be present. In parallel, enzyme inhibitors angiopoietin-like proteins 3 and 4 are at high levels in the blood \[[@B29-nutrients-09-00548]\]. Since HD is usually repeated at least thrice a week for a normal HD patient, an intermittent disturbance of the lipase system will occur. To avoid the disturbances of the lipases (caused by heparin), it seems necessary to clarify other options of anticoagulation such as regional citrate anticoagulation. By using solely citrate (and not UFH), there is no release of lipase from its endothelial bindings sites \[[@B29-nutrients-09-00548]\]. If heparin is added, an instant release of the lipases occurs. However, the citrate anticoagulation technique has still not been fully developed for chronic dialysis, using it neither as dialysate \[[@B40-nutrients-09-00548]\] nor as regional administration \[[@B35-nutrients-09-00548]\]. At present, the regional citrate dialysis requires more surveillance during HD, especially to secure from deviance from normal values of ionized calcium and magnesium \[[@B41-nutrients-09-00548],[@B42-nutrients-09-00548]\].

During CAPD, the decreased levels of lipase will partly impair the ability to degrade lipids. However, these patients do not get UFH or LMWH intravenously thrice a week; thereby, the periods of extensive dysfunction of the lipid breakdown system will not appear.

To further clarify these changes, it is important to perform long-term controlled studies with or without reduced doses of intravenous UFH or various types of LMWH as anticoagulation to investigate the possibility of preserving the LPL function at its binding sites.

4. Protein and Dialysis {#sec4-nutrients-09-00548}
=======================

The protein breakdown into energy is especially disturbed during inflammation. Thereby, protein-energy wasting (PEW) has numerous causes such as anorexia and decreased food intake caused by uremic toxins, inflammation, and superimposed illnesses. In addition, resistance to anabolic hormones, increased oxidant levels, decreased antioxidants, acidemia, and physical deconditioning are important factors to consider \[[@B6-nutrients-09-00548]\]. Further low-flux HD causes a loss of 1--2 g of protein through the dialyzer, whereas, when high flux membranes are used, the loss of 10 g of amino acids in postprandial patients has been reported \[[@B43-nutrients-09-00548],[@B44-nutrients-09-00548],[@B45-nutrients-09-00548]\]. Approximately, 3 g/day of free amino acids are removed during CAPD, and 9 g/day of protein and approximately 5.7 g/day of albumin is lost into the dialysate \[[@B46-nutrients-09-00548]\], which can rise up to more than 15 g/day when peritonitis is present \[[@B46-nutrients-09-00548]\]. Acidemia can promote protein degradation and aggravate the metabolic disorder \[[@B6-nutrients-09-00548]\].

5. Carbohydrates and Hemodialysis {#sec5-nutrients-09-00548}
=================================

Another important energy supply in the dialysis patients is the carbohydrate intake. When the lipase function is impaired, the patients have to rely on glucose metabolism. Therefore, the dietary preference might be of the patient to nourish themselves so as to ingest more carbohydrates. An increased intake of carbohydrates and fat is recommended by dieticians when kidney function is severely impaired (clearance \<15 mL/min) and when a protein-restricted diet is prescribed. However, at this stage the body is limited in its carbohydrate metabolism and in addition insulin resistance is usually present \[[@B8-nutrients-09-00548],[@B47-nutrients-09-00548],[@B48-nutrients-09-00548],[@B49-nutrients-09-00548],[@B50-nutrients-09-00548]\].

When performing CAPD, the patients will be loaded with glucose, due to the transfer of glucose from the PD fluid into the vessels of the abdominal cavity. From there, it diffuses into the body. In normoglycemic individuals, approximately 15--25 g of glucose (200--480 kcal of energy) may be removed during HD when glucose free dialysate is used \[[@B45-nutrients-09-00548],[@B51-nutrients-09-00548]\]. With glucose containing hemodialysate of 200 mg/dL (10 mmol/L), there is, on the contrary, a net absorption of 10--12 g of glucose/HD \[[@B6-nutrients-09-00548]\].

During HD, in most European centers, the dialysis fluid will contain glucose at a final concentration of approximately 5 mmol/L. The initial reason for using the glucose within the dialysate is partly to avoid hypoglycemia in patients suffering from diabetes mellitus. However, nowadays, glucose in the dialysate is considered a beneficial supply of energy to the patients.

However, the glucose load from dialysate during HD, especially when using 200 mg/dL \[[@B49-nutrients-09-00548]\], will disturb metabolism and contribute to oxidative stress and increased blood glucose and serum insulin \[[@B49-nutrients-09-00548],[@B52-nutrients-09-00548]\]. The increased levels of oxidative radicals induce oxidation of carbohydrates. The oxidation induces glycation, then the retention of Amadori products, and subsequently tissue damage. In short, reactive derivatives from non-enzymatic glucose--protein condensation reactions, as well as lipids and nucleic acids exposed to reducing sugars, form a heterogeneous group of irreversible adducts called AGEs (advanced glycation end products). The glycation process begins with the conversion of reversible Schiff base adducts to more stable, covalently bound Amadori rearrangement products. Over the course of days to weeks, these Amadori products undergo further rearrangement and condensation reactions to form irreversibly cross-linked macroprotein derivatives known as AGEs \[[@B50-nutrients-09-00548]\]. A method of estimating retained glucose degradation products within the body is the skin-autofluorescence device (SAF) \[[@B53-nutrients-09-00548]\]. There is a strong correlation between the finding of high values of SAF and the risk for premature death and especially due to cardiovascular causes \[[@B54-nutrients-09-00548]\]. The impaired kidney function per se will cause retention of Amadori products and rearrangements of tissue, causing more or less cardiovascular alterations \[[@B53-nutrients-09-00548]\]. HD can be performed using a dialysis membranes with either smaller or larger pores. With a dialysate containing glucose (5 mmol/L), and HD with either low flux or high flux (larger pores) dialyzers, there was no change measured by SAF \[[@B55-nutrients-09-00548],[@B56-nutrients-09-00548]\]. In contrast, a significant reduction of SAF was measured when performing HD without dialysate glucose \[[@B57-nutrients-09-00548]\]. Data from high flux HD even indicated the presence of a more extensive backfiltration of glucose through the dialyzer membrane into the blood. This induces subsequent oxidative stress and the presence of higher concentrations of protein-bound glucose degradation products in plasma compared to when HD was performed using low-flux membranes \[[@B56-nutrients-09-00548]\]. Therefore, these data question a benefit of glucose containing dialysates to compensate for the dysfunction of lipases for energy supply by TrG breakdown during standard HD. However, glucose containing dialysates may prevent severe hypoglycemia in patients with labile insulin-dependent diabetes mellitus \[[@B58-nutrients-09-00548]\]. To investigate if an improved net balance of glycation degradation products can be achieved over the long term, further studies with low glucose or glucose-free dialysate are recommended.

For CAPD patients, the disadvantage is the extensive glucose load in the dialysis bags, which is continuous throughout the day, unless automated cyclic peritoneal dialysis is used for only part of the day. This may be reflected by the worse skin autofluorescence (SAF) findings in PD versus HD patients, when adjusted for age and dialysis vintage in adults \[[@B59-nutrients-09-00548]\], but not different in children \[[@B60-nutrients-09-00548]\]. Besides cardiovascular morbidity and increased mortality, high SAF was related to a greater risk for sepsis-related mortality in PD patients \[[@B61-nutrients-09-00548]\]. Negative factors for a high SAF were long dialysis vintage and cumulative glucose exposure \[[@B59-nutrients-09-00548],[@B62-nutrients-09-00548]\]. Patients using icodextrin (Baxter Inc., Deerfield, IL, USA), instead of glucose, as a dialysate had worse SAF than those using glucose only \[[@B63-nutrients-09-00548]\]. An indication for the possible reversibility is the finding that patients transplanted had SAF similar to patients with chronic kidney disease stage 3 and less than those on HD and PD \[[@B64-nutrients-09-00548]\].

6. Consideration of Diet for Dialysis Patients {#sec6-nutrients-09-00548}
==============================================

When confronted with the patient therapeutic strategies to prevent and treat protein-energy wasting in maintenance dialysis, patients are to optimize the dialysis and limit the inflammatory processes. A general investigation should include the evaluation of body size, nutrient intake, and protein-energy wasting with the periodic help of dietary counseling and monitoring of nutrient intake and protein-energy status. The use of inter dialytic weight gain can help to guide patient nutrition and compliance \[[@B6-nutrients-09-00548],[@B17-nutrients-09-00548]\]. Patients on HD, with heparin as anticoagulation, may benefit from limitation in intake of larger amounts of fat during the HD procedure per se and a few hours thereafter, especially if they suffer from increased blood levels of TrG. Risk of hypoglycemia or presence of severe malnutrition has to be taken into account when removal of glucose in the dialysate is considered. When glucose is used, a concentration of 5 mmol/L seems preferable to 10 mmol/L. Further studies have to clarify whether a lower dialysate glucose concentration or total withdrawal should be compensated for by a protein- and glucose-enriched diet. Patients randomized to receive inter dialytic parenteral nutrition (IDPN), in comparison to those not receiving IDPN, did not show, over two years, improved mortality or hospitalization rates, nor reduced evidence for PEW \[[@B65-nutrients-09-00548]\]. Lack of difference may be due to the fact that almost all of the patients received an oral nutritional supplement as well. The use of oral supplement may alone improve whole-body and skeletal muscle protein anabolism in a dose-dependent manner in chronic HD patients \[[@B65-nutrients-09-00548],[@B66-nutrients-09-00548]\].

The periods between HD seem metabolically optimal for food intake and exercise, since the lipase restores within approximately 4 h after HD. Guidelines recommend intake of approximately 1.2 g/kg/day 50% high biologic value protein and 35 kcal/kg/day (fat 25--35% of total energy intake, \<7% saturated fat), unless older than 60 years and/or those with limited exercise or obese \[[@B6-nutrients-09-00548]\].

Since the HD per se will induce protein catabolism \[[@B67-nutrients-09-00548]\], the use of low and high flux dialyzers may further contribute to the loss of amino acids \[[@B68-nutrients-09-00548],[@B69-nutrients-09-00548],[@B70-nutrients-09-00548],[@B71-nutrients-09-00548],[@B72-nutrients-09-00548]\]. The HD procedure, metabolic disturbance, and reduced extent of exercise can well explain that the working capacity of HD patients is extensively reduced compared to age-matched persons without chronic kidney disease \[[@B73-nutrients-09-00548]\].

For CAPD patients, there might be a benefit calculating the PD-glucose adsorbed/day by peritoneal transfer through the membrane. This glucose load can help to adjust the content of various nutrients for the daily intake. Adding one amino acid bag instead of glucose reduces the glucose load \[[@B6-nutrients-09-00548]\]. This change into an amino acid bag may help to limit protein losses by dialysis \[[@B74-nutrients-09-00548],[@B75-nutrients-09-00548]\].

For patients with diabetes mellitus the risk for hypo- and hyperglycemia needs to be considered \[[@B76-nutrients-09-00548]\], and it can well motivate to maintain a glucose containing dialysate in these patients.
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